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INTRODUCTION 
The terms lipid, lipoid and fat have be~n used 
rather indiscriminately and often interchangeably 1 in the 
literature. Bloor (1) defines lipids as " ••• a group of 
naturally occurring substances consisting of the higher 
fatty acids, their naturally occurring compounds, and sub-
stances found naturally in chemical association w:i .. th them." 
. 
The group is characterized in general by insolubii1i ty in 
water and solubility in "fat solvents, 11 e. g., ether, chlo-
roform, benzene, etc. 
The lipids found in the body may be classified 
according to the following scheme (adapted from Thannhau-
ser ( 2) ) • 
Lipids 
I. True ]'ats. 
II. Lipoids 
A. Phosphatides 
1. Monoamine phosphatides 
(lecithin, cephalin) 
2. Diamino phosphatides 
{sphingomyelin) 
B. ~erebrosides (kerasin) 
c. Ceramides 
D. Sterols and bterol derivati~es 
Less is known about the metabolism of the lipids 
than of the other great groups of organic substances, the 
. 
:proteins.and the carbohydrates. It is beyond the scope of 
- .. ~ 
0 
this paper to discuss lipid metabolism in general, but 
some phases or it will be touched in. discussing tbe possi-
ble pathogenesis or the abnormal distribution or l~pids 
in the blood during renal disease. 
Berore going on to discuss abnormalities in blood 
lipids in renal disease, it would be well to present some 
or the data on normal blood lipids. Peters and Man (3) 
made over 300 observations on the serum lipids in ~ormal 
persons. Their rindings are summarized in the rollowing 
table: 
.1 Standard 
Maximum Minimum Mean Deviation 
Fatty acids (m.eg./1.) 36.9 7:0 ]J 12.3 I tJ-37 
Cholesterol (mg %) 320 107 194 t35,6 
Lipid Phosphorus (mg %) 14.5 6.1 9. 21 tl.41 
Ratio Cholesterol /lipid P Jl.7 14.9 21.36 f2.48 
-
Free Fat (m.eq./1.) 9-3 o.o 3.12 tl.49 
No dirrerence between males and remales was ob-
served. Obese people and children had blood lipid levels 
which were in the same range as those or normal persons. 
The ratio or cholesterol to lipid phosphorous was the most 
constant or all functions studied, but seemed_ to vary with 
the concentration or cholesterol. In another paper the 
same authors (4) studied this relationship further, and 
established a relationship oetween the serum cholesterol 
2. 
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level and the ratio of cholesterol to lipid _phosp'horous·. 
(Fig. 1) 
The ratio of free to total cholesterol v~ried 
from 0.24 to 0.32, the average being 0 .• 28. 
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OCCURRENCE AND NATURE OF RENAL BYPERLIPJfuVITA 
According to Fishberg (5), Blackcall (1820) and 
Bostock (1827) were the first who noted the milky appearance 
of the blood serum in some of the nephropathies with copi-
. 
ous albuminuria. Christison ( 1839) shovved t:Q.at it is due 
to the presence of fat in the serum. IJ.'hat this lactescence 
of the serum is due not only to fat, but also to lipoid· 
was shown by Port (6) who found that there may be ~arked 
hypercholesterolemia~ The lactescent appearance of the 
serum may be due to the formation of a lipoid~globulin 
compound. (7) Numerous reports have bee~ published since 
this early work, most agreeing upon the occurrence of high 
blood, serum or plasma cholesterol in nephrotic edema. No 
attempt will be made to cover completely.the enormpus li-
terature on this subject. Page, Kirk, and Van Sly~e (8) 
reviewed the more pertinent literature. Evidence that 
high plasma cholesterol is characteristic of the n:ephrotic 
type or stage of Bright's disease was furnished by~~ Epstein 
(9), who published data from 66 renal and cardiac bases of 
which 24 were o'f the nephrotic ty-pe. All thes.e cases show-
ed elevated total cholesterol values, while no other cases 
" 
did. Confirmation of these findings by several Ge,rman 
authors is reported by Page and his co-workers. Murphy 
(10) and Maxwell (11) found increased plasma cholesterol in 
0 
cases of nephritis with edema, but not as a rule in those 
without it. Lichtenstein and Epstein (12) found both free 
and esterfied cholesterol increased in nephrosis &nd in 
glomerular nephritis with edema. They also foun~ that the 
proportion of ester cholesterQl was increased to 80 to 90 
per cent (compared with the usual normal of 68 to 76 per 
cent which was given in the section on nor~al blood lipids.) 
With regard to the high proportion of esterfied cholesterol 
their results are at variance with those of Gainsborough 
(13), Page, Kirk and Van ~lyke (8), and Peters and lVlan (14). 
Calvin and Goldberg (15) found that, while choles-
terolemia developed with nephritic edema, it sometimes con-
tinued, for a year or more aft·er the edema disappeared. 
Henes (16) and Ashe and Bruger (17) 1 found that 
in the terminal stage of a~vancednephritis, plasma choles-
terol is usually not elevated, and may fall to low normal 
during the last days or weeks. In the intermediate chronic 
stage these authors found plasma cholesterol values either 
within or above the normal range. They oelieve that in 
advanced cases with nitrogen retention, a low plasma choles-
terol foretells death in uremia, whereas ani' elevated plasma 
chol.esterol indicates a good prognosis wi tlf regard to re-
covery from pre-uremic symptoms, although it does not pre-
clude death from other causes. No close relation between 
height of plasma cholesterol and degree of edema Nas ob-
·. 
I 
~ I 
served. The authors claimed some evidence of reciprocal 
relations of urea and plasma cholesterol. Analysis of 
their data by the writer could not reveal any correlation. 
Ashe and Brug~r ascribed t~e lowered cholesterol in cases 
I 
dying of retention uremia as.probably being due to cachexia. 
and anemia-. 
Concerning the behavior of lipids other than 
cholesterol, the data have been conflicting. Bloor (18), 
in a series of 23 unclassified renal cases, found that in 
most of them the total fatty acids were high, while choles-
terol and phosphatides were normal, the high fatty acids 
apparently being due to high neutral fats. On the other 
hand, Daniels (19) in 5 out of 7 nephrotic cases found in-
creases, not only in the total fatty acids but alsq in the 
phosphatides and the cholesterol. Ling and Liu (2d) stu-
died 5 nephrotic cases in which they determined total fatty 
acids and unsaponifiable matter (mostly cholesterol) and 
found increased values for these two fractions whiqh ave-
raged respectively 310 and 170 ·per cent of the aver'age 
normal. 
Hiller, Linder, Lundsgaard, and VanSlyke (21) 
• 
reported abnormally high plasma total cholester,ol and fatty 
,I 
~ 
acids in 3 cases of nephrosis and 3 of chronic active hema-
., 
turic nephritis. 
Page, Kirk and Van t:ilyke ( 8) studied the 1course 
6. 
0 
o~ plasma lipid changes during chronic hemorrhagic nephritis 
and found the following: 
"In the ·chronic active stage (urea clearance 
over 20 per cent normal) there is a tendency to 
lipemia, with plasma lipids near or above the upper 
limit o~ normal levels; in the 7 cases report~d in 
this stage, total lipids varie~ from 1 to 2.6 grams 
per 100 co. o~ plasma, while normal subjects average 
0.7 and seldom exceed 1.1. As the disease passes 
to the terminal stage (urea clearance under 20 per 
cent) the lipemia is likely to decrease, and before 
exitus the plasma lipid content may ·fall below 
normal. ·• ••• 
"The individual lipid constituents, free choles-
terol, cholesterol esters, phosphatides, and th~ 
neutral fat fraction, rise and fall together. The 
percentage of each in the lipid mixture, although 
variable, shows no characteristic trend o~ deviation 
~rom the percentage in normal plasma." 
Their results sho#ed no parallelism in severity between 
lipemia and plasma protein deficiet, although both accom-
pany the nephrotic syndrome. 
Peters and Man (14) made a detailed study of 
serum lipids in kidney disease. They measured serum lipids 
d 
on 142 occasions in 54 patients with glomeruloneph~itis. 
Nineteen of the 54 patients had cholesterols greater than 
I 
400 milligrams per cent at some time during their disease. 
In one of these the cholesterol rose only after thyroidec-
tomy. In 10 o~ the other 18, edema, profuse albuminuria, 
and hypoproteinemia were accompanied by signs of renal 
I 
insufficiency. Some had definite azotemia; 9 had hyperten-
sion; 2 were in advanced stages of progressive nephritis; 
and one was in an exacerbation that proved rapidly fatal. 
7-
oerum cholesterol levels greater.than 409 mgm. 
per cent were observed in one gatient with Hodgkin's dis-
. 
ease and anyloidosis; and in another with diabetes, hyper-
tension, profuse albuminuria and other symptoms de~cri­
bed by Kimmelstiel and Wilson (22) in patients with inter-
, 
capillary glomerular sclerosis. King and B~uger (23) 
also found that renal amyloid disease with proteinemia 
was accompanied by an increase in blood cholesterol. 
Siegal and Allen (24} found serllin cholesterol leve~s ran-
ging from 370 to 775 mg. per cent in eleven cases o~ inter-
capillary glomerulosclerosis. Other· authors (25, ~6) did 
not find such a uniform elevation in cholesterol in this 
condition~. 
Peters and Man found that hypercholesterolemia 
bore no consistent relation to any single phenomenon of 
' 
renal disease~ It was encountered most frequently 1n the 
presence of edema, and in certain instances appeared to 
vary with the degree of water retention, but there ~as no 
' 
consistency about this relation. when elimination 9f edema 
signalized regression of the disease, cholesterol n~turally 
' 
returned to normal. It also dropped, sometimes even further, 
in the terminal stages of nephritis when renal function is 
='- · extremely reduced even if ede~a gersists or recurs. These 
p 
findings are in agreement ~ith those of Ashe and Br~er, 
Henes, and Page, Kirk and Van &lyke which are mentioned 
above. It fluctuated greatly in the active nephrotic phase. 
8. 
Their case records suggested that malnutrition or ~nadequate 
diet may be one o~ the factors responsible for these declines 
of cholesterol. 
On the whole, lipid phosphorous paralleled cno-
lesterol closely maintaining the same relation observed in 
I 
normal subjects and patients with thyroid disease. ,,( 4) 
Free fat J..s more intensely and consistently affected 
than in myxedema but did not follow cholesterol clo;sely. 
Free fat was often moderately increased when choles:tterol 
' 
was normal or even low. This occurred usually in ~~vanced 
nephritis where the patients were very ill, co~nonly when 
they were vomiting and unable to take food. 
Page, Kirk and Van blyke (27) determined plasma 
lipids in 16 cases of uncomplicated essential hypertensi.on. 
,, 
In no case was the concentration of total lipids or of any 
I' 
of the lipid fractions outside the usual range of normal 
values nor were the means and standard deviations of the 
II 
I 
·group significantly different from those found in a group 
of normal subjects. Peters and Man also found that choles-
1 
terol was usually not elevated in benign nephrosclerosis. 
Summary: 
The following facts concerning blood lipids in 
renal disease are fairly well established. 
1. Cholesterol is commonly elevated in ne]hrosis. 
This is true whether the nephrotic state is 
due to what some call true or "lipoid nephrosis," 
the nephrotic stage of glomerulonephr~tis, 
amyloid nephrosis, or intercapillary glomerulo- · 
sclerosis. 
2. The weight of evidence indicates that there 
is no change in the ratio of esterfied to 
total cholesteroi. 
J. The cholesterol level drops in the terminal 
stage of nephritis with nitrogen retention. 
4. The lipids other than cholesterol are more 
or less proportionately elevated. There is 
no significant change in the fractional com-
position of the plasma lipids • 
. 5. No significant change in lipid levels occurs 
in essential hypertension. 
6. The degree of change in lipid level b~ars no 
consistent relation to the severity of any 
aspect of the nephrotic syndrome. 
10. 
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PATJ:iOGENESIS 
According to 'l'hannhauser ( 2) , there are :five causes 
of hyperlipemia. 
l. Increased absorption--alimentary hyperlipemia. 
2. Overabundant mobilization of fat from depots--
transport hyperlipemia •. 
J. Defective removal of fat from the bloqd and 
s-luggish deposition in fat depots. 
4. Disturbed intermediary disintegration 'Of car-
bohydrates and fat in the organs. 
5. Disturbance of lipid metabolism with in the 
·cells. 
,, 
Thannhauser believes that the hyperlipemias which 
occur in nephrosis, bleeding, purpura, and cachexia belong 
to the transport group, and that of hypothyroidism ~alls 
~nto group three. He places the hyperlipemia of Von 
Giercke's disease, diabetes mellitus and lipocaic or choline 
deficiency in group four. The lip~doses, xanthomat9sis, 
Gaucher's di.sease, and Niemann-Picks disease, com.Pf.i.Soe group 
five. 
Classifying hyperlipemia according to this scheme 
is not of very great value because there may be any number 
of factors responsible for each type of disturbance. 
The blood level of any substance depends en the 
equilibrium between the processes producing it or delivering 
it to the blood stream and those d~stroying it or removing 
ll. 
it ~rom the blood stream. With the lipids not only is the 
:I 
nature of these processes ~ar from understood at this stage 
o~ our knowledge, but also very little is known about the 
,I 
regulators of this equilibrium--the nervous and humoral 
"thermostats" of the blood lipid level. All that can be 
done at present is to discuss the factors which may play 
a part in upsetting lipid metabolism in renal dise~se. 
Hyperlipemia as the Cause o~ Renal Damage:· 
First let us consider the proposition that the 
disturbance in lipid metabolism is primary and that the 
renal damage results from it. Obviously such a sequence 
o~ events could occur only in that form of nephrosis which 
has been characterized as "genuine," cryptogenic, or "lipoid 
nephrosis." There is by no means agreement as to VV:hether 
lipoid nephrosis even exists. Leiter ( 28), who bel1ieves 
that true nephrosis is a separate entity,uses both positive 
and negative criteria to distinguish the condition. The 
positive criteria are: 
1. edema 
2. nypoproteinemia 
J. hypercholesterolemia 
4. albuminuria 
5. presence of douoly refractile crystals 
in the· urine. 
The negative ciriteria which are just as important as the 
positive ones are: 
12. 
1. absence o~ hematuria 
2. absence o~ nitrogen retention 
3. absence o~ hypertension. 
The ne5ative criteria, according to this school o~ thought, 
are supposed to di~ferentiate the condition from the nephrotic 
stage o~ nephritis. 
Christian ( 29) , Gains borough ( 13) and lliloschowi tz 
(30) deny the existence of lipoid nephrosis. II Firstly, 
because there is no need to invoka a.new disease to ex-
plain a combination ~~ s~ptoms which occur in glomerulo-
nephritis. Cases which ~it the criteria ~or true neyhrosis 
are extremely rare and the se~aration is arti~icial, since 
the course is the same as in chronic glomerulone_p.hri tis. 
Furthermore, Bell ( 31) demonstrateD. the extreme rar,i ty o~ 
purely tubular lesions at"necropsy. From a ~unctional point 
o~ view the chie~ manifestations of so-called nephrosis-
albuminuria and hypoproteinemia can best be explained on the 
basis o~ increased glomerula~ _permeability. 
0~ those who cling to the idea o~ pure nephrosis, 
opinion is again divided us to its pathogenesis. Some 
regard it as a primary degeneration o~ the tubular epithe-
lium. I~ this is true, then an explanation o~ the glome-
rular :permeability is still to be sought ~or as is the 
mechanism o~ the hyperlipemia. Thannhauser (2) suggests 
that lipoid nephrosis may be a fo~n of essential xanthoma-
13. 
• 
t 
tosis or the hypercholesterolemic type. however, he points 
out that in no case has the hyperlipemia in nephrotic con-
ditions been followed by secondary xanthomatosis or the 
skin as in other cases or hyperlipemia. Furthermore, in 
cases or essential xanthomatosis or the hypercholesteremic 
type the nephrotic syndrome has never been observed. Also, 
total rats are not markedly elevated in essential xantho-
matosis whereas in "lipoid nephrosis" the serum is milky 
due to increased neutral rat. "It is, therefore, evident· 
that 'lipoid nephrosis' is definitely not a part or essen-
tial xanthomatosis and has nothing else in common With the 
,, 
disease except the high cholesterol values of.the serum."(2) 
another possibility is that lipoid nephr9sis 
represents a primary distribution in intermediate lipoid 
metabolism which results in ratty infiltration and damage 
to the kidneys. 
Hiller, Linder, Lundogaard and Van Slyk~ ,.( 21) 
• I' 
using a rat meal round no difference from the normal res-
ponse in nephrotic patients with regard to the effect or 
the meal on the total metabolism and the non-grotein res-
piratory quotient. The srune held true for the blood cho-
lesterol. Plasma ratty acids and lecithin were inc·reased 
more than in normal subjects or nephritics with normal lipoid 
levels. They concluded that there was no disturba~ce in 
the actual combusion or oxidation or rat in renal disease, 
14. 
but that perhaps, a disturbed mechanism for the transfer 
of fat from the blood to the tissue depots accounted for 
' . 
the lipemia. 
In Von Giercke's disease there is a disturbance 
in intermediate fat and carbohydrate metabolism with hyper-
lipemia. Fatty degeneration of the kidney tubules takes 
place, but the nephrotic syndrome .is not produced. Renal 
lesions ~ave been produced experimentally in animals by 
means of choline or lipocaic deficiencies (32), but here 
again ne2hrotic edema is not produced. It is questionable 
whether doubly refractile droplets in the tubules really 
represent destruction of the tubule cells and not merely 
fatty infiltration. The increase of cholesterol .and fat 
in the serum is most likely a result of, rather than the 
cause of, the kidney disturbance. 
Dietary Factors as a Cause for Renal Hyperlipemia: 
After meals there is a transitory ~ in blood 
I' lipids which seems to be related to the quantity of fat in 
the meal. On the other hand the general level of P,OSt-
absorptive lipemia appears to depend rather upon the nutri-
tive state of the individual. (14)· Hiller, Linder, Lunds-
gaard and VanSlyke (21) demonstrated that the fatt~ acids 
in the blood of patients with nephritic hyperlipemia rose 
excessively after meals indicating that the blood lipids 
of these subjects are peculiarly sensitive to dietary 
• 
influence. The alimentary response did not, howev~r, af-
feet cholesterol. 
Epstein (33) and Page and Farr (34) were unable 
to influence the post-absorptive serum lipids of nephrotic 
patients by varying the quantity of fat in the diet. Gains-
boroug~ (13) could not lower the cholesterol of the plasma 
I 
in nephritis by means of a sterol free diet. Peters (14) 
does not feel that dietary factors can be excluded as 
contributory causes of hyperlipemia. It seems to the writer, 
however, th~t dietary factors are certainly not pr1marily 
responsible. Furthermore, if altered absorption is to pro-
duce changes in lipid level there ~ust be some other mec-
hanism which is also disturbed because in obese people 
who, according to Newburgh (58), almos~ always have an in-
creased total and lipid intake, abnormal blood lipid levels 
are not observed. 
H}~oproteinemia as a Cause of Hyperlipemia: 
Barker and Kirk (35) produced edem~ in dogs by 
plasmapheresis. The edema was accompanied by a decfeased 
BMR, renal pathology, and an increase in· blood cholesterol. 
The renal pathology consisted of: albuminuria, granular 
casts and fat droplets in the urine, tubular degeneration, 
destruction of glomeruli and scar tissue formation. The 
authors suggested a reciprocal relation between albumin and 
cholesterol. Fishberg and Fishberg (36) produced hyPer-
16. 
• 
lipemia in rabbits by bleeding. They found that total lipids 
were elevated as well as cholesterol. The hyperlipemia is 
thus similar to that of nephrosis. The rise in plasma 
lipoids and fats was more closely related to the fall in 
plasma proteins than to the loss of red cells. They sugges-
ted that the lipemia was an effort to compensate for the 
decreased colloid osmotic pressure. The fats are mobilized 
from the fat depots; the animals become lipemic. even if they 
" 
receive almost no fat in the diet. · Fishberg (37) r,ound 
that lipemic blood exerted a higher osmotic pressure than 
blood diluted to the same protein concentration. This author 
p~stulated an inverse relationship between lipids and pro-
teins, with the lipids compensating for the d~creas~d os-
motic pressure. Peters (38) does not believe that the blood 
lipids are capable of exerting an appreciable osmotic pres-
' 
sure. He also points out (14) that an inverse relation be-
tween albumin and cholesterol cannot obtain since in cases 
of malnutrition both cholesterol and albumin are lowered. 
~oriuchi (39) thought that lowering the plood lipase might· 
be responsible for the lipemia of bleeding. 
Although the lipemia of bleeding and plasmapheresis 
may be due to lowered proteins and a picture similar to 
nephrotic edema can be produced experimentally, it does not 
I 
necessarily mean that this is the cause of the hyper,1ipemia 
'I 
of nephrosis. Certainly clinical findings do not show a 
17. 
direct relationship betw·een "hyperlipemia and hypoproteinemia. 
Page, Kirk and Van Slyke (S) and ~eters and Man (14) found 
no correlation between plasma proteins and lipid 1 1evels. 
Decreased Basal Metabolism as a Cause of Hyperlipemia: 
Aub and Dubois (40) reported, among others, five 
cases of chronic parenchymatous nephritis with basal meta-
bolism rates varying frQm -40 per cent to fl4 per cent, the 
lowest rate occurring in a patient with marked edema. In 
only two of the cases was the rate above -10 per cent. The 
authors assumed that undernutrition played some role in the 
·low r.ates. Epstein and Band~ (41) made a comparative·study 
of hypothyroidism and nephro~is with emphasis on t~e occur~ 
renee in both of a high blo~d cholesterol in assoc~ation 
with low basal metabolic rates. The basa~ metabolism in 5 
cases fell between -S and -18 per cent. :&;pstein ( 42) in a 
later paper found the basal metabolic rate between ,-10 and 
-22 per cent in· 60 per cent of the cases, normal on, above 
in 40 per cent. 
Gilde~, Man and Peters (43) found that serum choles-
. 
terol in myxedema was usually at or above the upper normal 
limits, and lipid phosphorous was elevated proporti9nately. 
I 
In hyperthyroidism, cholesterol and.lipid phosphorous are 
reduced. (44) It has been reported that the free fat of 
the blood, like the cholesterol and lipid phosphorous, is 
low in hyperthyroidism (45,46) and high in myxedema. (47,48) 
lS. 
The similarity between the behavior of blood lipids 
and basal metabolism in both nephrosis and myxedema has 
led to the belief that these phenomena occur in nephrosis 
due to the depression of the thyrofd or interference with 
the action of thyroxin. The inverse relation between blood 
cholesterol and basal metabolism in myxedema (49) does not 
hold in nephrosis. (13) Page and Farr (34) found that plasma 
. 
lipids during post-absorptive state in patients suffering 
from nephrosis or the nephrotic stage.of hemorrhagic -nephri-
tis with hyperlipemia, are not regularly influenced 'by the 
administration o~ thyroid: Thyroid administration suffi-
cient to increase markedly the basal metabolic rate had no 
~ffect on the plasma lipids. It is, therefore, prQbable that 
the hyperlipemia of nephrosis is not due to thyroid defi-
1' 
ciency., The reverse possibility that .increased lipids in-
" 
hibit the action of thyroid is made unlikely by the work of 
Aitken (50) who gave thyroxin intravenously to a patient 
with cirrhosis of the liver and hypercholesteroemia producing 
a normal effect on pulse rate, basal metabolism and a certain 
amount of symptomatic disturbance. That lowered basal meta-
bolism as such is the cause of increased blood cholesterol 
is unlikely. Mason, Hunt and Hurxthal (51) found nq corre-
lation between decreased cholesterol and elevated BMR in 
hyperthyroidism. They also found that true myxedema was 
accompanied by a marked increase in blood cholesterol, but 
19. 
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a lowered basal metabolism without clinical evidence of 
myxedema is accompanied by normal cholesterol values. Arti-
ficial elevation of basal metabolism with dinitro-phenol 
did not indicate any relation between it·and cholesterol 
level. Moreover, ·low metabolic rates may be associated with 
a normal or low blood cholesterol level in certain conditions 
e • g.' Addison's disease, anor.exia nervosa. I 
Edema as a Cause of HyPerlipemia: 
1vioschowi tz (52) made a clinical study of various 
conditions characterized by edema or integumentary infil-
tration. He noted that decreased basal metabolism was pre-
1 
·Sent in myxedema, scleroderma (edematous form), right sided 
heart failure, ichthyosis and hephrosis. 
'I He ascribed the 
lowered basal metabolism to the fact that the edema or thic-
:, 
kene~ integument acted as a suit of clothes, insulating 
the body against heat lose. In myxedema, of course, thyroid 
' II 
deficiency is also an important factor in lowering the meta-
bolism. In all of the above conditions except ichthyosis 
the blood cholesterol is fre~uently elevated. That, the 
decreased R~ is not the cause of the increased chdlesterol 
level was .POinted out in the previous section and, 'also, by 
. 
Moschowitz. lie suggested that edema alone may be directly 
or indirectly responsible for the elevated choleste,rol. The 
factor that brings about the edema could not be held res-
ponsible, according to Moschowitz, because in 'the conditions 
20. 
that he described the mechanisms are entirely diverse. 
Calvin and Goldberg (15) ~ound that cholesterol 
values varied with the intensity of the edema and the cho-
lesterol changes were preceded by. the edema. On the other 
hand Ashe and E~uger (1?) could not find· any correlation 
between severity o~ edema and cholesterol level. Peters 
and Man (14) found that hypercholesterolemia was ~ound most 
frequently in the presence of edema and in certai~ instances 
appeared to vary with the degree of water retention, but . 
there was no consistency about this relation. 
The role of edema in the production of hyperlipemia 
in nephrotic conditions is ~ar from established. One di~-
' 
ficulty in correlating the degree of edema with the,·choles-
terol level is the inadcuracy of quantitative .estimates of 
' 
edema by ordinary clinical means. 
Renal Damage Per Se as a Cause of Hyperlipemia: 
,, 
FarP, Smadel, and Ho1den (53) found that hyper-
lipemia was a constant feature of severe nephritis induced 
in rats by anti kidney serum when there is no hypoprotein-
emia. The lipemia was not related to the blood non-protein 
nitrogen. They found that it was related to edema. Hyper-
lipemia was constant in the early stage but disappeared in 
the second or third we~k along with the anasarca when the 
rat survived, but the protein level did not rise to'normal 
until the fourth to fifth week. The authors suggested that 
21. 
~· 
the lipemia in ne2hrot6xic nephritis may be related to 
some acute tissue injury, either renal or otherwise, and 
that it is unlikely to be compensatory osmotic ·mechanism for 
the lowered osmotic pressure due to decreased protein in 
the blood. 
Heymann (54) found that the fat and cholesterol 
of the serum rose in ~ogs after unilateral nephrectomy and 
bilateral nephrectomy. After unilateral nephrectomy the 
rise was only temporary. An increase in lipid level was 
also produced by subcutaneous injections of mercury... If 
the dose was small the lipid level returned to normal with 
recovery. If a lethal dose was afuninistered, ther~· was a 
pr·ogressi ve rise up to death. The hyperlipemia w-as not 
associated with any change in serum protein level. 
1 
Increases 
in serum lipids were also noted after subcutaneous injections 
of potassium dichromate and. uranium nitrate. Hey.mann con-
' 
eluded that--
" ••• the tubular apparatus of the kidneys of dogs 
possesses a regulatory influence on the blood lipids 
such as has hitherto been unknovvn and is still un-
explained. It is p·ossible that the human kidney exerets 
the same function, but this has not yet been proved. 
A disturbance of this function would explain t~e 
hyperlipemia of hephrosis better than any hypothesis 
thus far advanced." (54) 
Winkler, Durl'acher, .l:ioff and Man. (55) repeated 
the nephrectomy experiments on dogs and monkeys. They could 
I 
not produce an increase in lipids after unilateral ~ephrec­
tomy, but did find an increase after bilateral nephrectomy 
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in both dogs and monkeys. They also found an increase in 
. 
phosphalipids. Similar results were obtained after bilateral 
uretheral ligation. They fqund an increased lipid content 
in the liver, therefore, the lipids must be uerived from 
extra-hepatic sources. Glucose injections failed to abol.ish 
the' liver changes, therefore, these changes are .not due to 
fasting. 
In Bright's disease the serum lipids are increased 
11 
early in the disease, but fall later when.marked r~nal 
failure ensues. The relation between experimental and 
clinical findings is indirect if at all. The authors sug-
gested that the changes may be due to a cessation of some 
norma1 activity of the kidney in fat metabolism or to a 
secondary disturbance of other metabolic functions by 
anuria. 
Other Possible Causes of Hyp~rlipemia:· 
Stokes (49) discusses~the suggestion of French 
workers that the adrenals might be-responsible faT hyper-
lipemia, because they found cholesterol in the adrenals in 
urea conditions characterized by hypercholesterolemia·~ .. Joel-
son and Shorr, however, pointed out that the hypercholes-
terolemia following extirpation of the supra renals is strong-
ly· against the theory.' (56} 
Raab (57) pointed out that pituitrin causes a fall 
in blood fat when the latter is increased by fasting. Para-
23. 
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lysis or destruction of the tuber cinerum or mesencephalic 
centers by·drugs aholi~hes the effect.· The relation of 
the pituitary hypothalamic complex to water balance and the 
renal tubules via the anti diuretic hormone can lead to 
speculation regarding the possible role of the pituitary 
I 
in rena~ hyperlipemia, but nothing definite can be said on 
the subject. 
The liver plays. an extremely important part in 
fat metabolism. It is undoub~edly involved in the hy~er-
lipemia of nephrosis just as it is in the hyperlipemia of 
diabetes. No work has appeared which might ·elu~idate the 
relation of the liver to renal hyperlipemia. 
Summary: 
The pathogenesis of hyperlipemia occurring in the 
nephrotic syndrome is,aas yet, unknown. The chief diffi-
culty is that the factors which control the normal blood 
lipid level ·are not known. 
Other conditions in .. nhich the manifestations of 
nephrosis (hypoproteinemia,. edema, decreased basal ~etabolism) 
occur are also characterized by alterations in the plood 
lipids. However, these changes are nbt invariably accom-
panied by hyperlipemia nor is the degree Qf the hY;Perlipemia 
in nephrosis closely correlated vvith the severity of these 
• 
manifestations. 
Experimentally renal ablation or injury has pro-
24. 
duced alterations in the blood lipids. Thus the hyper-
lipemia in nephrosis may be a direct result of·renal injury. 
The renal cells may play some ro~e in fat metabolism which 
is not clear or they may exert some re~lex or hormonal 
influence·on the brain centers and glands controlling blood 
lipid levels. 
It is doubtful whether lipid disturbance is 
primary to any form of nephrosis. 
25. 
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